ABSTRACT Synthetic, angiosperm bark-derived volatiles, which elicit antennal responses in a number of coniferophagous bark beetles (Coleoptera: Scolytidae), were tested in groups for their ability to disrupt the pheromone-positive response of the spruce beetle (SB), Dendroctonus rufipennis (Kirby), the western balsam bark beetle (WBBB), Dryocoetes confusus Swaine, and the mountain pine beetle (MPB), Dendroctonus ponderosae Hopkins, to attractant-baited traps. One complex mixture disrupted WBBB response to pheromone-baited multiple-funnel traps to a level not signiÞcantly different than that in unbaited control traps. No group of compounds, including a group of green leaf volatiles, was active in disrupting SB response, a result that contrasts other published Þndings and that is different from the behavioral responses that are elicited by nonhost volatiles in other species of coniferophagous bark beetles. For the MPB, the two green leaf alcohols, 1-hexanol and (Z)-3-hexen-1-ol, were highly disruptive. In addition, combinations of compounds from the group consisting of salicylaldehyde, benzaldehyde, nonanal, guaiacol, benzyl alcohol, and conophthorin acted to augment the disruptive activity of the green leaf alcohols.
THE WESTERN BALSAM BARK beetle (WBBB), Dryocoetes confusus Swaine, the spruce beetle (SB), Dendroctonus rufipennis (Kirby), and the mountain pine beetle (MPB), Dendroctonus ponderosae Hopkins, are damaging pests of Abies spp., Picea spp., and Pinus spp., respectively, in British Columbia and throughout substantial portions of North America (Amman et al. 1989 , Garbutt 1992 , Holsten et al. 1999 . Since the 1940s, SB outbreaks have damaged millions of cubic meters of harvestable spruce. One outbreak near the Bowron Lakes in north central British Columbia between 1978 and 1982 was spread over 60,000 ha and killed Ϸ2 million m 3 of timber (Humphreys and Safranyik 1993) . In the United States, SBs kill Ϸ0.7Ð1.2 million m 3 annually. A recent large outbreak in Alaska has killed Ϸ30 million trees annually (Holsten et al. 1999) . MPB infestations have killed at least 500 million trees since 1913 in British Columbia (Unger 1993) . Current infestations in the northern interior of the province cover hundreds of thousands of hectares (Westfall 2001) . Wood (1963) described the MPB as possibly the most destructive of the Dendroctonus spp. and estimated losses throughout its North American range at Ϸ4.7 million m 3 per year. At least 15 million m 3 of timber were lost to the WBBB in British Columbia alone during the last half of the 1900s (Garbutt 1992) .
The WBBB, SB, and MPB, like other Scolytidae, spend most of their life cycle under the bark of their host tree. These host-speciÞc insects only emerge during their dispersal phase, a period of probably only hours or a few days at most, during which they must locate a suitable host, in stands often composed of mixtures of host and nonhost trees, and in the process avoid such hazards a predation (Dahlsten 1982) , desiccation, and inclement weather (McMullen and Atkins 1962, Gries et al. 1989) . Because scolytids typically do not feed during their dispersal ßight, efÞcient and accurate host Þnding is vital to both survival and subsequent mating success (Atkins 1966 , Gries et al. 1989 ). On encountering a suitable host tree, aggregation is induced by the release of aggregation pheromones (Borden 1985) . If enough beetles are attracted to the growing aggregation, the treeÕs defenses are overcome by the mining activities of the insects and by the symbiotic fungi that are carried by the attacking beetles in specialized mycangia (Whitney 1982) .
Efforts to control these damaging insects often involve sanitation harvesting. However, such a tactic is not always successful or even possible because of a lack of roads into infested areas or insufÞcient equipment, human resources, or sawmill processing capac-ity to harvest and use logs from an area completely before the next dispersal ßight. Additionally, in recreational areas, wildlife reserves, and sensitive riparian zones, where trees may have substantially more value than normal, clearcutting is not a desirable option. Effective disruption of beetle aggregation on susceptible trees, potentially coupled with semiochemicalbased attraction toward traps or harvestable trees (Lindgren and Borden 1993, Borden 1997 ) may be a preferred tactic.
Volatiles from angiosperm trees are a potential source of compounds that may be used alone or in combination with antiaggregation pheromones to disrupt the aggregation of coniferophagous scolytids on their host trees (Huber and Borden 2001b) or to exclude them from an area (Borden et al. 2002) . A growing number of scolytid species have been shown to avoid attractant-baited traps or host trees when a variety of angiosperm bark or leaf volatiles are present (Dickens et al. 1992 , Schroeder 1992 , Schlyter et al. 1995 , Wilson et al. 1996 , Guerrero et al. 1997 , Byers et al. 1998 , Deglow and Borden 1998a , b, Poland et al. 1998 , Huber et al. 1999 , 2000a , Zhang et al. 1999 , Poland and Haack 2000 , Huber 2001 , Huber and Borden 2001a . Many of these studies tested potentially disruptive compounds based on previous Þndings with other insects, but no study on the MPB, SB, or the WBBB has tested the full range of potentially behaviorally active NHVs established by coupled gas chromatographic-electroantennographic detection analysis (GC-EAD) (Gries 1995) .
Our objective was to use information gleaned from GC-EAD data previously collected for MPB, SB, and WBBB (Huber et al. 2000b) in Þeld trapping experiments to determine active mixtures that would allow the insects to make foraging decisions while in ßight (Gries et al. 1989) , as opposed to postßight discrimination between host and nonhost trees (Moeck et al. 1981) .
Materials and Methods
All Þeld trapping experiments were conducted in the southern and central interior of British Columbia in stands that were heavily infested with the MPB, SB, or WBBB. In all experiments, 12-unit multiple funnel traps (Lindgren 1983 ) (Phero Tech, Delta, British Columbia, Canada) were placed along roads at intervals of 15Ð20 m in randomized complete blocks. Treatments in each experiment consisted of a baited control trap, using the most powerful attractant pheromone or pheromone/kairomone blend available for a given bark beetle species, an unbaited control, and several treatments consisting of one or more synthetic angiosperm bark volatiles combined with the attractant bait. Release devices, purities, sources, and release rates for all volatiles are shown in Table 1 . Each collecting cup contained a small block of Vapona No-Pest Strip (Green Cross; Fisons Horticulture, Mississauga, Ontario, Canada) to rapidly kill predatory insects that damage captured bark beetles.
Beetles collected from the traps on the Þnal day of each experiment were stored at Ϫ12ЊC until they were counted and sexed. Data were transformed, when necessary, by log 10 (x ϩ 1) (Zar 1984) to meet the assumptions of homoscedasticity and normality and were analyzed by analysis of variance (ANOVA) followed, when warranted, by a comparison of means by the Ryan-Einot-Gabriel-Welsch Multiple Q-test (REGWQ procedure) (SAS Institute 1988, Day and Quinn 1989) using SAS software (GLM procedure; SAS Institute 1988) . In all cases, ␣ ϭ 0.05. Dates, locations, and number of replicates for all experiments are shown in Table 2 .
In a GC-EAD study, Huber et al. (2000b) identiÞed 25 NHVs that were antennally active in one or more of the MPB, SB, or WBBB, as well as the Douglas-Þr beetle, Dendroctonus pseudotsugae Hopkins, and the pine engraver, Ips pini (Say). For initial experiments with the MPB, SB, and WBBB, 17 of the compounds were divided into three groups: GLV Blend is green leaf volatiles, a group of six-carbon alcohols and aldehydes known to disrupt pheromone positive response in numerous scolytids (Deglow and Borden 1998b) [hexanal, (E)-2-hexenal, 1-hexanol, and (Z)-3-hexen-1-ol]; Ն3 Blend is six compounds that elicited antennal responses from Ն3 of the above Þve species [salicylaldehyde, conophthorin, guaiacol, nonanal, benzaldehyde, and benzyl alcohol]; and Ͻ3 Blend is seven volatiles that elicited antennal responses from Ͻ3 of the above Þve species [4-allylanisole, heptanal, (E)-2-heptenal, methyl salicylate, decanal, thymol methylether, and (E)-nerolidol].
Dryocoetes confusus. Experiments 1 and 2 were designed to test the three blends of synthetic angiosperm bark volatiles described above in all possible combinations. Experiment 1 consisted of six treatments: unbaited traps; traps baited with the WBBB lure alone (Table 1) ; and traps baited with the WBBB lure plus the GLV Blend, the Ն3 Blend, the Ͻ3 Blend, or all three blends together. Treatments in experiment 2 were unbaited traps; traps baited with the WBBB lure alone; and traps baited with the WBBB lure plus the three blends in all possible binary and ternary combinations.
Dendroctonus rufipennis. Experiments 3 and 4 consisted of identical treatments to experiments 1 and 2, but the WBBB lure was replaced with a SB lure (Table  1) . Experiments 5 and 6 tested the compounds that seemed to augment the SB lure in experiment 3. In experiment 5, the Þve treatments were unbaited traps; traps baited with the SB lure alone; traps baited with the SB lure plus Þve angiosperm bark volatiles (salicylaldehyde, guaiacol, nonanal, benzaldehyde, and benzyl alcohol); traps baited with the SB lure plus conophthorin containing 2-hydroxytetrahydropyran (2-HTHP), a contaminant of synthesis (H. D. Pierce, Jr., personal communication); or traps baited with the SB lure plus the Þve angiosperm bark volatiles and conophthorin containing 2-HTHP. In experiment 6, the Þve treatments were unbaited traps; the SB lure alone; the SB lure plus 2-HTHP; the SB lure plus conoph- MCOL, 1-methylcyclohex-2-en-1-ol; methyl salicylate, methyl 2-hydroxybenzoate; (E)-nerolidol, (E)-3,7,11-trimethyl-1,6,10-dodecatrien-3-ol; ocimene, 3,7-dimethyl-1,3,6-octatriene; ␣-pinene,
2-pinene;
␤-pinene, 2(10)-pinene; salicylaldehyde, 2-hydroxybenzaldehyde; thymol methyl ether, 1-isopropyl-2-methoxy-4-methylbenzene; 2-HTHP, 2-hydroxytetrahydropyran. All chiral compounds were racemic unless otherwise speciÞed in thorin without 2-HTHP; or the SB lure plus both conophthorin and 2-HTHP.
Dendroctonus ponderosae. Experiments 7 and 8 had the same treatments as experiments 1 and 2, respectively, but replaced the WBBB lure with a MPB lure (Table 1) . Although no compound in the Ͻ3 Blend was antennally active in MPB, the blend was tested in case the GC-EAD analyses had not detected small, but important, antennal responses. In each of experiments 7 and 8, beetles were not sexed because of heavy damage from clerid predators. Only head capsules and intact MPBs were counted.
Separate release devices were used for each synthetic volatile in experiments 9 Ð14 (Table 1) . Experiments 9 and 10 divided the compounds in active synthetic blends from experiments 7 and 8 into three groups based on chemical functionalities: group 1 ϭ the bicyclic acetal, conophthorin, alone; group 2 ϭ aldehydes [salicylaldehyde, benzaldehyde, hexanal, (E)-2-hexenal, and nonanal]; and group 3 ϭ alcohols [benzyl alcohol, (Z)-3-hexen-1-ol, 1-hexanol] and phenol [guaiacol] . The treatments in both experiments included unbaited traps and traps baited with only the MPB lure. In experiment 9, the other treatments were traps baited with the MPB lure plus the volatiles in above groups 1, 2, or 3, or 1Ð3. In experiment 10, the other treatments were the MPB lure plus the volatiles in groups 1 and 2, 1 and 3, 2 and 3, or 1Ð3.
Experiment 11 tested the alcohols and phenol from experiments 9 and 10 in Þve treatments: unbaited traps; traps baited with the MPB lure; traps baited with the MPB lure plus aliphatic alcohols [1-hexanol and (Z)-3-hexen-1-ol]; traps baited with the MPB lure plus benzyl alcohol and guaiacol; and traps baited with the MPB lure plus the aliphatic alcohols, benzyl alcohol, and guaiacol all together. Only head capsules and intact MPBs were counted because of predator damage.
Experiment 12 tested the two groups of compounds from experiment 11 in binary combinations with each other and with conophthorin. The six treatments were unbaited traps; traps with the MPB lure; traps with the MPB lure plus aliphatic alcohols, benzyl alcohol, and guaiacol; traps with the MPB lure plus aliphatic alcohols and conophthorin; traps with the MPB lure plus benzyl alcohol, guaiacol, and conophthorin; and traps with the MPB lure plus aliphatic alcohols, benzyl alcohol, guaiacol, and conophthorin all together.
Experiment 13 tested the nonhost aldehydes from experiments 9 and 10 in Þve treatments: unbaited traps; traps baited with the MPB lure; traps baited with the MPB lure plus aromatic aldehydes [salicylaldehyde and benzaldehyde]; traps baited with the MPB lure plus aliphatic aldehydes [hexanal, (E)-2-hexenal, and nonanal]; and traps baited with the MPB lure plus both aldehyde groups together.
Experiment 14 tested the aldehyde groups from experiment 13 in binary combinations with each other and with conophthorin. The six treatments were unbaited traps; traps with the MPB lure; traps baited with the MPB lure plus aromatic aldehydes and conophthorin; traps baited with the MPB lure plus aliphatic aldehydes and conophthorin; traps baited with the MPB lure plus aromatic and aliphatic aldehydes; and traps baited with the MPB lure plus all of the aldehydes and conophthorin.
Results

Dryocoetes confusus.
In experiment 1 there were no differences in beetles captured between treatments (Fig. 1) . In experiment 2, the combination of all three groups signiÞcantly disrupted both male and female response to attractant-baited traps, reducing the female catch to a level not signiÞcantly different from that in the unbaited control traps (Fig. 1) . The Ն3 Blend plus the Ͻ3 Blend reduced catches to 29.9 and 36.8% of catches in the attractant-baited control traps for males and females, respectively; both levels were not signiÞcantly different from those in the unbaited control traps.
Dendroctonus rufipennis. In experiment 3, the Ն3 Blend increased catches of both sexes to a level signiÞcantly higher than in unbaited control traps (Fig.  2) . No other treatment in experiment 3, including the attractant bait alone, had such an effect. In experiments 4 Ð 6, no compound or group of compounds signiÞcantly altered the mean catches to levels different from those in baited control traps (Fig. 2) .
Dendroctonus ponderosae. In experiment 7, the GLV Blend was disruptant, and all three blends together reduced catches to 25.4% of those in the baited control (Fig. 3) . In experiment 8, every combination of blends that was tested reduced catches to levels signiÞcantly lower than catches in the baited control traps (Fig. 3) . The mean catches for the binary treatments consisting of the Ն3 Blend plus the Ͻ3 Blend and the Ն3 Blend plus the GLV Blend were not signiÞcantly different from catches in traps containing all three Blends, which reduced trap catches to 11.6% of the baited control traps.
Nonhost aldehydes signiÞcantly disrupted responses of female MPBs in experiment 9 (Fig. 4) . The alcohols and phenol (guaiacol) signiÞcantly disrupted the response of males to attractant-baited traps and reduced catches of females to a level statistically indistinguishable from catches in unbaited control traps. All compounds together reduced catches of males and females, respectively, to 10.2 and 2.3% of those in attractant-baited control traps. In experiment 10, the combination of the alcohol/ phenol blend plus conophthorin signiÞcantly disrupted the response of male MPBs to attractant-baited traps and reduced female catches to a level not signiÞcantly different from catches in the unbaited control traps (Fig. 4) . The alcohol/phenol blend plus aldehyde blend and all compounds together reduced trap catches to levels not signiÞcantly different from those in unbaited control traps for both sexes. All compounds together reduced catches to 5.7% of those in attractant-baited control traps for both males and for females.
The blend of aliphatic alcohols signiÞcantly reduced MPB trap catches in experiment 11 compared with those in attractant-baited control traps (Fig. 4) . Adding benzyl alcohol and guaiacol to the aliphatic alcohols caused no additional reduction in trap catches.
In experiment 12, the binary treatments consisting of aliphatic alcohols plus conophthorin, aliphatic alcohols plus benzyl alcohol and guaiacol, and all compounds together signiÞcantly reduced catches of male and female MPBs compared with catches in attractantbaited control traps (Fig. 4) . For females, the latter two treatments reduced catches to levels not signiÞ-cantly different from those in the unbaited control traps. All compounds together reduced catches to 16.8 and 8.6% of those in attractant-baited control traps for males and females, respectively.
In experiment 13, the aliphatic aldehydes and aliphatic aldehydes plus aromatic aldehydes reduced catches of both sexes to levels signiÞcantly lower than in attractant-baited control traps (Fig. 4) . The latter treatment reduced catches to 37.8 and 42.3% of those in the attractant-baited control traps for males and females, respectively.
Only the combination of aliphatic aldehydes plus aromatic aldehydes plus conophthorin in experiment 14 signiÞcantly reduced catches of male and female MPBs compared with those in attractant-baited control traps (Fig. 4) . The mean trap catches for males and females, respectively, in this treatment were 48.7 and 37.1% of those in attractant-baited control traps.
Discussion
The ability of many bark beetles to detect and respond to angiosperm bark and leaf volatiles in ßight could increase the foraging efÞciency of dispersing beetles (Gries et al. 1989 ) compared with landing on and testing host and nonhost trees alike (Moeck et al. 1981) . Such ability should be selected for because efÞcient searching allows energy to be allocated to reproduction and reduces the exposure of a searching individual to hazards such as predation, desiccation, or inclement weather. This report constitutes the Þrst record of an avoidance response in the WBBB, discloses more completely the full complement of NHV compounds detected and avoided by the MPB, and challenges previous conclusions for the SB (Poland et al. 1998) .
The antennally active compounds (Huber et al. 2000b) in the behaviorally active group for the WBBB (experiment 2) are benzaldehyde, salicylaldehyde, conophthorin, guaiacol, and nonanal. Conophthorin (GLVs), and NHVs eliciting antennal responses from Ն3 species of bark beetles (Ն3 Blend) or Ͻ3 species (Ͻ3 Blend) tested singly and in ternary combination. Experiment 2: GLVs, Ն3 Blend, and Ͻ3 Blend tested in binary and ternary combinations. Dates, locations, and numbers of replicates are given in Table 2 . Bars within each experiment and sex with the same letter are not signiÞcantly different: ANOVA P Ͻ 0.05 in experiment 1 (no signiÞcant difference noted) and REGWQ test, P Ͻ 0.05 for experiment 2. ANOVA statistics are as follows. Experiment 1: males, F (19, 66) ϭ 1.59 , P ϭ 0.086; females, F (19, 66) ϭ 0.4, P ϭ 0.99. Experiment 2: males, F (19, 70) ϭ 4.66, P Ͻ 0.001 ; females, F (19, 70) ϭ 2.89, P Ͻ 0.001. alone is potentially disruptive (Huber et al. 2000a ). None of the compounds in the Ͻ3 Blend [4-allylanisole, heptanal, (E)-2-heptenal, methyl salicylate, decanal, thymol methyl ether, and (E)-nerolidol] was detected by WBBB anntenae (Huber et al. 2000b) , suggesting that GC-EAD analysis failed to detect one or more active compounds in this blend. The green leaf volatiles had no behavioral activity, although three of the four compounds tested [hexanal, (E)-2-hexenal, and 1-hexanol] are antennally active in the WBBB (Huber et al. 2000b ). The disruptant effect on trap catches of the active compounds in experiment 2 provides evidence that the WBBB is able to detect and avoid nonhost angiosperms while ßying.
The responses of the SB to angiosperm bark volatiles (Fig. 2) diverge from earlier results (Poland et al. 1998) in which SBs were disrupted by some nonhost volatiles. Our experiments were similar to those described by Poland et al. (1998) , but were conducted several hundred kilometers further north. Because the SB varies in responses to aggregation pheromones over similar distances (Borden et al. 1996, Setter and , variation in response to NHVs might also occur.
In addition, recent work has shown that population density does affect scolytid behavior (Wallin and Raffa 2002) . Experiments 3Ð 6 were conducted with suboutbreak populations of the SB, which preferentially attack fallen trees. For these beetles, a strong avoidance of NHVs in ßight might not be adaptive because fallen trees often lie shrouded in undergrowth that emits those compounds. In contrast, the experiments by Poland et al. (1998) were conducted on an outbreak population of SBs, which readily attack standing spruce. It is possible that the populations of insects in the separate experiments responded differently to NHVs and pheromone baits because of differences in population density.
Single NHVs that are known to disrupt MPB orientation to attractant-baited traps are (Z)-3-hexen-1-ol (Wilson et al. 1996) , 1-hexanol , and potentially conophthorin (Huber et al. 1999 ). In GLVs, Ն3 Blend, and Ͻ3 Blend tested in binary and ternary combinations. Experiment 5: all three blends together (NHVs) and unpuriÞed conophthorin tested alone and in combination. Experiment 6: puriÞed conophthorin, a synthetic contaminant of conophthorin in experiment 5, 2-hydroxytetrahydropyran (2-HTHP), and both together. Dates, locations, and numbers of replicates are given in Table 2 . Bars within each experiment and sex with the same letter are not signiÞcantly different: REGWQ test, P Ͻ 0.05. ANOVA statistics as follows. Experiment 3: males, F (19, 66) ϭ 4.69, P Ͻ 0.001; females, F (19, 66) ϭ 4.96, P Ͻ 0.001. Experiment 4: males, F (19, 69) ϭ 3.50, P Ͻ 0.001; females, F (19, 69) ϭ 3.63, P Ͻ 0.001. Experiment 5: males, F (23, 69) ϭ 6.36, P Ͻ 0.001; females, F (23, 69) ϭ 5.73, P Ͻ 0.001. Experiment 6: males, F (23, 72) ϭ 3.02, P Ͻ 0.001; females, F (23, 72) ϭ 3.93, P Ͻ 0.001. our experiments, GLV alcohols, which include (Z)-3-hexen-1-ol and 1-hexanol, seem to be particularly important in the avoidance response of MPB to nonhost angiosperms. Otherwise, the aliphatic aldehyde group, containing (E)-2-hexenal, hexanal, and nonanal, were moderately disruptant in one of two experiments (Fig. 4) . The activity of conophthorin in these experiments did not compare with that described by Huber et al. (1999) , although it did augment the activity of the aldehydes in experiment 14 and may have had some activity, as part of a complex blend in experiment 9 (Fig. 4) . Several compounds from the Ն3 Blend, [conophthorin, salicylaldehyde, benzaldehyde, and nonanal] , act to augment the activity of the aliphatic GLV alcohols. This effect, which is additive, was particularly evident in experiments 7, 8, and 10 (Fig. 4) .
The additive effects of NHVs do not always occur (Dickens et al. 1992 , Byers et al. 1998 . However, the perception and avoidance of NHVs in an additive manner would ensure that a host-seeking bark beetle responded with increasing intensity as it approached a nonhost, allowing distance-dependent discrimination between hosts and nonhosts, rather than an overly sensitive long-range avoidance that might cause it to avoid hosts growing near to nonhosts. It has also been hypothesized ) that the redundancy effect for nonhost angiosperm bark volatiles would allow a foraging coniferophagous bark beetle to perceive and avoid different blends of compounds from a variety of nonhost angiosperm species that had a number of volatiles (but not all) in common.
Although the compounds tested in our experiments were based on antennal responses by beetles of the Þrst-attacking sex in each species (female Dendroctonus spp. and male D. confusus) (Huber et al. 2000b) , behavioral responses by both sexes were generally similar in all experiments. This result is in opposition to the hypothesis that the Þrst attacking sex should respond most strongly to nonhost volatiles. However, very few beetles probably initiate an attack and both sexes must be able to distinguish between host and nonhost trees to accurately locate a tree undergoing attack.
The growing number of studies that have directly coupled tree volatile-derived GC-EAD data with behavioral data (Zhang et al. 1999 , Huber et al. 1999 , 2000a , b, 2001 , Huber 2001 , Huber and Borden 2001a ) allow for a number of comparative statements to be made about bark beetle responses to NHVs. First, there is an overlap of a limited number of angiosperm-derived compounds that are both antennally and behaviorally active for a number of coniferophagous bark beetles, potentially allowing future workers, without access to GC-EAD technology, to test candidate compounds in the Þeld with the aim of rapid development of operational tools. However, while the avoidance-eliciting compounds do show some overlap across coniferophagous bark beetle taxa, there are enough differences to require careful electrophysiological and behavioral experimentation on a species-by-species basis, with the GC-EAD analyses carried out on individuals of the target population, if the stated goal of a study is to determine an exact NHV message for a given bark beetle species or population. In addition it may be hypothesized that other coniferophagous Insecta also avoid this rather limited repertoire of NHV compounds and this might provide a starting point for future studies on various woodborer and defoliator species. Second, GLV alcohols are often disruptive either alone or as part of a larger blend. This is not, however, always the case as seen in previous results with I. pini ). Third, this study suggests the possibility, for the Þrst time, that there may be considerable variation in the response of different populations of conspeciÞc bark beetles to NHVs based on geographic or other undetermined factors. And fourth, many bark beetles [Tomicus piniperda (L.) and T. minor (Hartig) , D. pseudotsugae (Huber and Borden 2001a) , and MPB (this study)] seem to respond to combinations of NHVs in an additive and redundant manner, although once again, I. pini may be an exception .
For the MPBs, the disruptant effect of GLVs (Wilson et al. 1996) and other angiosperm volatiles (Borden et al. 1998) may be enhanced by combining them Fig. 4 . Catches of D. ponderosae in multiple-funnel traps baited with MPB lure alone or with various individual or groups of NHVs as follows. Experiment 9: conophthorin, an aldehyde blend, and an alcohol/phenol blend tested singly and in ternary combination. Experiment 10: conophthorin, aldehyde blend, and alcohol/phenol blend tested in binary and ternary combinations. Experiment 11: benzyl alcohol with guaiacol, and aliphatic alcohols tested alone and in combination. Experiment 12: conophthorin, benzyl alcohol with guaiacol, and aliphatic alcohols tested in binary and ternary combinations. Experiment 13: aromatic and aliphatic aldehydes tested alone and together. Experiment 14: conophthorin, aromatic aldehydes, and aliphatic aldehydes tested in binary and ternary combinations. Dates, locations, and numbers of replicates are given in Table  2 . Bars within each experiment and sex with the same letter are not signiÞcantly different: REGWQ test, P Ͻ 0.05. ANOVA statistics are as follows. Experiment 9: males, F (19, 69) ϭ 11.81, P Ͻ 0.001; females, F (19, 69) ϭ 13.99, P Ͻ 0.001. Experiment 10: males, F (19, 70) ϭ 10.10, P Ͻ 0.001; females, F (19, 70) ϭ 6.52, P Ͻ 0.001. Experiment 11: F (21, 62) ϭ 20.29, P Ͻ 0.001. Experiment 12: males, F (17, 60) ϭ 10.71, P Ͻ 0.001; females, F (17, 60) ϭ 14.76, P Ͻ 0.001. Experiment 13: males, F (21, 66) ϭ 15.23, P Ͻ 0.001; females, F (21, 66) ϭ 12.13, P Ͻ 0.001. Experiment 14: males, F (19, 66) ϭ 10.47, P Ͻ 0.001; females, F (19, 66) ϭ 11.12, P Ͻ 0.001.
with the antiaggregation pheromone, verbenone, to protect susceptible trees from attack (Huber and Borden 2001b) . Almost complete protection of lodgepole pines from attack was achieved by Borden et al. (2003) when verbenone at a high release rate was combined with an NHV blend [1-hexanol, (E)-2-hexen-1-ol, (Z)-3-hexen-1-ol, benzyl alcohol, guaiacol, nonanal, salicylaldehyde, and benzaldehyde] deployed at 16 points in a 10-m grid within 40 by 40 m test plots with a pheromone-baited tree in the center.
